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(54) DETECTION DEVICE FOR DIFFERENT KIND GAS IN HEAT UTILIZATION SYSTEM 
(57)Abstract: 

PURPOSE: To provide a detection device for different kind gas which 
is capable of accurately judging the mixing of a different kind gas in a 
heat utilization system using hydrogen occlusion alloy. 
CONSTITUTION: A detection device for different kind gas is provided 
with a mass flow meter 4 for measuring effective amount of hydrogen 
movement from one vessel 2 to another vessel 1, and a control unit 6 
provided with the measured data of the effective amount of hydrogen 
movement. The control unit 6 calculates the degradation rate of 
effective amount of hydrogen movement from the measured data of 
the effective amount of hydrogen movement and calculates the 
concentration of the different kind gas from the calculated degradation 
rate, based on a predetermined correlation established between the 
degradation rate of effective amount of hydrogen movement and the 
concentration of the different kind gas. It also compares the calculated 

concentration of the different kind gas with a predetermined limit value to judge the mixing of different kind 
gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the equipment which detects the different-species gas mixed in this 

system in the heat use system using the hydrogen storing metal alloy. 

[0002] 

[Description of the Prior Art] Conventionally, development of various kinds of hydrogen storing metal alloy 
application systems using a hydrogen storage function, a heat energy conversion function, etc. of a hydrogen storing 
metal alloy is furthered. For example, in order to make continuous running possible in the heat use system using the 
heat of reaction generated in case a hydrogen storing metal alloy ****** hydrogen, using the heat generated with each 
container is performed by connecting two containers of each other filled up with the hydrogen storing metal alloy 
which has a different equilibrium-hydrogen pressure for hydrogen piping, and moving hydrogen between the 
aforementioned containers through this hydrogen piping. 

[0003] In a heat application system, change of the hydrogen absorbed dose X to the state which dissociated hydrogen 
from the state in which the hydrogen absorption alloy absorbed hydrogen, i.e., available-hydrogen movement 
magnitude, serves as an important value which determines the drive efficiency of a system. 
[0004] By the way, when a heat use system operates under reduced pressure, there is a possibility that air may mix 
from the connection of piping etc. If different-species gas, such as air, mixes in a system, degradation will be invited b} 
surface poisoning of a hydrogen storing metal alloy. Then, the equipment which uses mixing of different-species gas as 
a detection plug based on the pressure detection in piping is proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in conventional different-species gas detection equipment, since 
there is not only a problem of the performance degradation of the detection element itself, but mixing of different- 
species gas was indirectly judged based on pressure detection, without measuring the concentration of different-species 
gas, there was a problem that the precision of a judgment was bad. The purpose of this invention is offering the 
different-species gas detection equipment which can judge mixing of different-species gas with a sufficient precision, 
and preventing beforehand the degradation by surface poisoning of a hydrogen storing metal alloy. 
[0006] 

[Means for Solving the Problem] The different-species gas detection equipment in the heat use system concerning this 
invention A measurement means to measure the available-hydrogen movement magnitude f rom one container to the 
container of another side, The 1st operation means which computes the rate R of degradation of the available-hydroge n 
movemen t tna pnitnHf^pn thp hfiftjft flf the initial value of available-hydrogen movement magnitude from the 
measurem ent data of available-hydrogen movement magnitude , The 2nd operation means which computes the 
concentration of different-species gas from the calculated value of the aforementioned rate of degradation based on the 
predetermined relational expression materialized between the rate R of degradation of available-hydrogen movement 
magnitude, and the concentration c of different-species gas, It has an unusual judging means to judge mixing of 
different-species gas for the concentration of the computed different-species gas as compared with predetermined 
threshold value. 

[0007] In concrete composition, the 2nd operation means computes the concentration of different-species gas based on 
relational expression with the two following. 
[Equation 2] R=N-ri+N-k-b-c/(l+b-c) 

Here, it is R. : Rate N of degradation : The number ri of cycles of hydrogen ******; Rate k of endogenicity degradatioi 
degradation (1-/N) : Poisoning probability b (1-/N) : Adsorption-equilibrium constant c (l/vol%) : Air concentration 
(vol%) [0008] Furthermore, regeneration equipment is started, when it has regeneration equipment which specifically 
reproduces the hydrogen storing metal alloy in a container by carrying out evacuation of the inside of each container at 
an elevated temperature and mixing of different-species gas is judged by the unusual judging means. 



[0009] 

[Function] This invention persons found out that the influence appeared in available-hydrogen movement magnitude 
notably, when a fixed relation between the rate R of degradation of the available-hydrogen movement magnitude of a 
hydrogen storing metal alloy and the concentration c of different-species gas is and different-species gas mixed, as a 
result of repeating research wholeheartedly to judge mixing of different-species gas with a sufficient precision. 
[0010] Then, in the different-species gas detection equipment of this invention, the available-hydrogen movement 
magnitude from one container to the container of another side is measured i n mass-flow meter e tc. in each cycle in 
which a hydrogen storing metal alloy repeats ****** of hydrogen. And the rate R of degradation of the available- 
hydrogen movement magnitude on the basis of the initial value of available-hydrogen movement magnitude is 
computed from this measurement data. If different-species gas mixes in a system, it will become increase of the rate R 
of degradation, and will appear. 

[001 1] Between the rate R of degradation of available-hydrogen movement magnitude, and the concentration c of 
different-species gas, the fixed relational expression like two above is materialized, and the concentration of different- 
species gas can be computed from the calculated value of the aforementioned rate of degradation based on this 
relational expression. In addition, in several 2, the rate ri of endogenicity degradation, the poisoning probability k, and 
the adsorption-equilibrium constant b are values peculiar to a hydrogen storing metal alloy. And if size comparison of 
the concentration of the computed different-species gas is carried out with predetermined threshold value, mixing of 
different-species gas can be judged. 

[0012] When mixing of different-species gas is judged, evacuation of the inside of each container is carried out at an 
elevated temperature, and the hydrogen storing metal alloy in a container is reproduced. By this, a hydrogen storing 
metal alloy recovers the hydrogen absorbed dose. 
[0013] 

[Effect of the Invention] In the different-species gas detection equipment of the heat use system concerning this 
invention, since concentration of different-species gas is made into the criterion of mixing, detection is direct and the 
precision of a judgment is high. Moreover, since mixing of few amounts is also detectable, before surface poisoning 
progresses, the degradation of a system can be beforehand prevented by reproducing a hydrogen storing metal alloy. 
[0014] 

[Example] Hereafter, along with the drawing per example of this invention, it explains in full detail. Drawing 1 shows 
the composition of the different-species gas detection equipment in the heat use system concerning this invention, 
while the 1st container (1) is filled up with LaNi4.55aluminum0.45 alloy, the 2nd container (2) is filled up with 
MmO.9Y01nickel4.9MnO. 1 alloy, and both containers (1) and (2) are mutually connected to it by hydrogen piping 
(10). While a vacuum pump (5) is connected to hydrogen piping (10) through a bulb (3), mass-flow meter (4) i s 
attached in hydrogen piping (10) between a bulb (3) and the 2nd container (2). Moreover, a heater (8) and (9) are 
arranged in the interior of both containers (1) and (2), respectively, and t he power c ircuit (7^ i s connected to these 
heaters (8) and (9). 

[0015] In the above-mentioned heat use system, by making both containers (1) and (2) into a free passage state 
mutually by the change of a bulb (3), hydrogen is moved between the hydrogen storing metal alloys in both containers 
(1) and (2), and the heat generated in connection with this is used. In the process which hydrogen moves between both 
containers (1) and (2), the measurement data of the hydrogen movement magnitude obtained from mass-flow meter (4) 
is sent to a control unit (6), and detection of air concentration is presented with it. By this, when mixing of air is judged 
while suspending a system, a vacuum pump (5) and a heater (8), and (9) are operated by setting a power circuit (7) to 
ON, and a hydrogen storing metal alloy is reproduced. 

[0016] Here, the relational expression of the available-hydrogen movement magnitude and air concentration which this 
invention persons developed is explained. The rate R of degradation of the available-hydrogen movement magnitude 
accompanying an aeration serves as the sum of the rate Rin of internal cause-degradation, and the rate Rex of external 
cause-degradation as three following. 

[Equation 3] The rate Rin of internal cause-degradation is expressed with the four following by using the rate ri of 
internal cause-degradation per 1 cycle R=Rin+Rex. 
[Equation 4] Rin=N-ri — here, N is the number of cycles 

[0017] Supposing an adsorption equilibrium changes to a poisoning state according to Probability k in 1 cycle 
temporarily and the rate Rex of external cause-degradation is proportional to the surface scope theta of an adsorption 
element, and the number N of cycles, the rate Rex of external cause-degradation is expressed like [ with the five 
following ]. 

[Equation 5] Rex=N-theta-k [0018] And the adsorption isotherm of the Langmuir type shown by the six following is 
applied to this model. 

[Equation 6] In theta=b-c/(l+b-c) here, b is an adsorption-equilibrium constant and c is air concentration. 
[0019] A-seven number is drawn from several 5 by this. 



[Equation 7] The rate R of degradation of Rex=N-k-b-c/(l+b-c), therefore available-hydrogen movement magnitude 
will be expressed with the eight following. 
[Equation 8] R=N-ri+N-k-b-c/(l+b-c) 

[0020] The above-mentioned relational expression is a formula showing hydrogen absorptivity ability falling by surfac 
surface poisoning of a hydrogen storing metal alloy which has a basis physically, and can ask for the air concentration « 
from the rate R of degradation of available-hydrogen movement magnitude by using this relational expression. 
[0021] Drawing 2 expresses the aeration judging procedure by the control unit (6). First, while carrying out initial 
setting of the number N of cycles to 1 at Step SI, the rate ri of endogenicity degradation contained in relational 
expression with eight above, the poisoning probability k, and the adsorption-equilibrium constant b are set as a 
predetermined value. Moreover, the available-hydrogen movement magnitude X0 (for e xample, 0.9wt(s)%) 
immediately after activation is set as the initial value of available-hydrogen movement magnitude. Next, at Step S2, 
hydrogen movement to the hydrogen storing metal alloy MH 2 in the 2nd container (2) is started from the hydrogen 
storing metal alloy MH 1 in the 1st container (1). In this example, hydrogen movement takes for about 20 minutes, and 
hydrogen movement to a hydrogen storing metal alloy MH 2 is ended from a hydrogen storing metal alloy MH 1 at 
Step S3 after that. 

[0022] Next, while starting hydrogen movement to the hydrogen storing metal alloy MH 1 in the 1st container (1) in 
step S4 from the hydrogen storing metal alloy MH 2 in the 2nd container (2), measurement of the available-hydrogen 
movement magnitude in mass-flow meter (4) is started. In this example, while movement of hydrogen takes about 20 
minutes and ending hydrogen movement to a hydrogen storing metal alloy MH 1 from a hydrogen storing metal alloy 
MH 2 at Step S5 after that, measurement of the available-hydrogen movement magnitude in mass-flow meter (4) is 
ended. The available-hydrogen movement magnitude about 1 cycle is obtained by this. 
[0023] Then, at Step S6, the rate R of degradation is computed from the measured value of available-hydrogen 
movement magnitude, and the air concentration c is further computed based on eight above. In addition, the rate R of 
degradation will be computed by the nine following if available-hydrogen movement magnitude after N cycle progress 
is set to XN. 

[Equation 91 R= (XO-XN) / X0 [0024] Then, it is judged whether the air concentration c calculated at Step S7 is below 
predetermined threshold value. After judging with having no abnormalities and counting up the number of cycles at 
Step S8, in YES, it returns to Step S2, and it repeats hydrogen movement and measurement. On the other hand, when 
the air concentration c exceeds predetermined threshold value at Step S7, a system is suspended in step S9 and the 
hydrogen storing metal alloy in both containers (1) and (2) is further regenerated at Step S10. 
[0025] Then, the initial value of available-hydrogen movement magnitude is changed at Step SI 1 Initial value XO' 
a fter change is calculated by the ten following. 

[Equation 10] Operation of a system is resumed at X0-X0 (l-N-ri/2) and Step S12, it returns to Step S2, and hydrogen 
movement and measurement are repeated. 

[0026] About each of LaNi4.55aluminum0.45 alloy used in the above-mentioned example, and 
Mm0.9Y0.1nickel4.9Mn0.1 alloy, the temperature 313 temperature [ (pressure P)-(composition C)-] (T) property after 
the 200 cycles in aeration concentration c=0vol%, 0. lvol.%, 0.3vol.%, and 1.0vol(s).% is searched for experimentally, 
and drawing 3 graph-izes it. [ of the hydrogen storing metal alloy of K ] 

[0027] The available-hydrogen movement magnitude in an initial state is given as difference deltaX (=0.9[wt%]) of the 
hydrogen absorbed dose X= 1.1 in the hydrogen absorbing state of Mm0.9Y0.1nickel4.9Mn0.1 alloy [wt%], and the 
hydrogen absorbed dose X= 0.2 in the hydrogen-desorption state of LaNi4.55aluminum0.45 alloy [wt%]. 
[0028] As the arrow in drawing shows, the hydrogen absorbed dose in the hydrogen absorbing state about 
Mm0.9Y0.1nickel4.9Mn0.1 alloy is decreasing greatly with an aeration, and the decrement is large rather than the 
decrement about LaNi4.55aluminum0.45 alloy. 

[0029] The following table 1 compares calculated-value R (%) by actual measurement R (%) and eight above of the 
rate of degradation of the hydrogen absorbed dose in the various air concentration after 200 cycle progress about 
Mm0.9Y0.1nickel4.9Mn0.1 alloy. In addition, temperature is 313K and repeated ****** of hydrogen between vaccum 
pressure and 15atm(s). In addition, in several 8, each constant is N= 200, ri=l. 10x10-4, k= 9.52x10-4, and b= 3.86. 
[0030] 
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[003 1] Moreover, the following table 2 compares calculated-value R (%) by actual measurement R* (%) and eight 
above of the rate of degradation of the hydrogen absorbed dose in various air concentration about 
LaNi4.55aluminum0.45 alloy. In addition, in several 8, each constant is N= 200, ri=0.45xl0-4, k= 5.59x10-4, and b= 
5.60. 
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[0032] Moreover, drawing 4 plots an actual measurement while expressing the calculated value of Table 1 and 2 about 
the two above-mentioned alloys with a curve. The calculated value of the rate of degradation has high order of 
approximation to the actual measurement, and validity with eight above is supported so that clearly from Table 1, Tabh 
2, and drawing 4 . 

[0033] Furthermore, the following table 3 compares actual measurement deltaX' of the available-hydrogen movement 
magnitude in the mass-flow meter in various air concentration with calculated-value deltaX of the available-hydrogen 
movement magnitude derived from the calculation result of the rate of degradation of the above-mentioned table 1 
about Mm0.9Y0 Jnickel4.9Mn0. 1 alloy with the big rate of degradation accompanying an aeration, in addition, 
derivation of the calculated value of available-hydrogen movement magnitude -- setting « the rate R of degradation of 
available-hydrogen movement magnitude - the rate of degradation and equal of the maximum hydrogen absorbed dose 
- assuming -- the following - available-hydrogen movement magnitude deltaX' (wt%) was computed by 1 1 
[Equation 11] 

deltaX'(wt%) =X0- (100-R (%))/100 here, it is X0-0.9 (wt%) Moreover, as rate of degradation R (%) in the air 

concentration 0, the rate Rin (=1 . 10x1 0-4x200x1 00^2. 20(%)) of internal cause-degradation was used. 

[0034] 
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[0035] Actual measurement deltaX 1 of available-hydrogen movement magnitude and calculated-value deltaX are 
approximated well, and the validity of the air concentration detection method by this invention is supported so that 
dearly from Table 3. 

[0036] According to the different-species gas detection equipment of the heat use system applied to this invention like 
****, since the concentration of different-species gas is calculated by calculation from the measured value of available- 
hydrogen movement magnitude and this is made into the criterion of an aeration, a high judgment precision is acquired 
compared with the indirect judgment by the conventional pressure detection etc. Moreover, since the influence serves 
as increase of air concentration and appears quantitatively also in a low case, the grade of mixing can prevent the 
degradation of a system beforehand by reproducing a hydrogen storing metal alloy at an early stage. 
[0037] Explanation of the above-mentioned example is for explaining this invention, and you should not understand it 
so that invention of a publication may be limited to a claim or the range may be ****(ed). Moreover, deformation 
various by technical within the limits given not only in the above-mentioned example but a claim is possible for each 
part composition of this invention. For example, the different-species gas detection equipment of this invention cannot 
be overemphasized by that it is applicable not only to Mm0.9Y0.1nickel4.9Mn0.1 alloy mentioned above and 
LaNi4.55aluminum0.45 alloy but the heat use system which consists of combination of other alloy kinds. 
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WC. S^ftgc^tB-TI.. ft. £fc*Rtt. NlM 
?/W£§^^*Sf^4£XNfc-t£fc. 1H9 

[&9] R=(Xo-X«)/Xo 

[0024] XT77S7ICT. ff#3*l*:£ 

2^oT*3?l»tW8!l££ii9j£-r. -tf. Xf7 

s i o tcTM^s < i ) ( 2 ) ftn?mm&&rtm>m 

[0025] Xf-/7S 1 1 (c?«*McSS» 

T£*10t=J:"JiHrS*i4. 
[81 0] Xo' =Xo(l-N.ri/2) 
*LT. Xf77Sl 2 tCT ^XxAcr)j©S£!Ui L . 
Xf?7S 2^MoT*^i6&VS3SSr^l , 5ji-r<7)T 



[0 0 2 6] 03 tt. JJB3Htffrc^6*l-ai£La 
N i 4. 55 A 1 o. 45 tHfe&tfMmo. 9 Yo. i N i 4.9Mno. l * 



tOWC. ;SA£SwtJgc = Ovol.%. 0. 
lvol.%. 0.3vol.%. &tf 1. 0vol.%ttJ(tS2 0 
01M ?;Ht0>a*3 1 3 KTtf>*SM»aAa>JBEa 
(P)-«W(C)-M(T)»tt*|»«fcj|W>. ^57 

[0027] W*MttJ»tS*^*^l!l*li. Mm 
0.9Y0.1N i4.9Mno.i-^«D*^®JRtt.®tt)tt-S* 
S®JRftX=l.l [wt%] i:. LaN i 4 .55A 1 0.45 
^O*^Jfcai«Sttfc{tS*SiaJR»X=0.2 [wt 
10 %] OHAX(=0.9 [wt%] )fcUT#Xi?>nS. 

[0028] @*^E|rC^-raifc. Mmo. 9 Yo. 1 N i 

4. 9 m no. 1 ^t,z^xcQ*m&wVimi l zt5Whiiim& 

LaNi4.55Alo.45^tOV^TtO«^ % a;J: 

[0029] TIB^Hi. Mmo.9Yo.1N i4.9M no. 1 
fr&iZ^X. 2 0 0 1M ^^ji^#S^v«Sfc 

8££mM.mR(%)t*imvt:i>cox't > h. ft. & 

20 g»23 1 3 Kt, W«JBEt 1 5atmiO|g-C*^^JScaj 
**03BLfc. ft. R8fc*»WC. N = 2 0 

0. ri=l. 1 0X1 O" 4 . k = 9. 52X10" 4 , b 
= 3.86TfcS. 
[0030] 





£jHtfR' (H) 


tt-fffHR(K) 


0 . 1 


7.44 


7.50 


0 . 2 


10.59 


10.50 


0 . 8 


12.95 


12.42 


0 . 5 


15.12 


14.74 


1 . 0 


16.81 


17.32 



[00311X. TE*2li. LaNi4.55Alo.45-g- 38 = 2 0 0. ri=0.4 5X 1 0"«. k = 5. 59X10 
*J»Wt . &m28$ffl£lz}iVZ>*.mmi&(r>gtt& -* . b = 5 . 6 0 XJbh . 
««MWR' «i»8fcJ:4IWflR(X)l:t 40 [32] 

JMSLjfcfcW**. ft. S8Ki>ivc. *j@W4. N* 



7 


(5) 


8 




&ffl£R' (H) 




0 . 1 


5.06 


4.91 


0 . 2 


6.82 


6.81 


0 . S 


8,31 


7.91 


0 . 6 


9.20 


9.14 


1 . 0 


10.40 


10.39 



#PH*8-9461 0 



[ 0 0 3 2 ] X. 04Ji. JJB2o4>&&<COVYto3 

^LTtJO. JJE»8«»atbWWtttfeh.4. 
[0033] SKTie^3tt. ^^Afcff o£tt.mo 
^^^rMmo.sYo. iN i4.sMno. l-^icovvf. #g 



20 



max- (wt%)^acajL3t. 
[am 

AX' (wt%) = Xo-(l 0 0-R(%))/l 0 0 

;;tn x 0 =o.9(wt%)-c&£. x. s^iaso^ 

£ft££4U*R(%)2: LTJirtHW£fl2£Rin(=1.10 
X10-* X200X100=2.20(%» £JflVtf:. 

[0034 J 

[^31 







A x' <»t«) 




' <ftK) 


0 


a 


.884 


0 


8 8 


0 


0 . 1 


0 


.811 


0 


8 3 


3 


0 . 2 


0 


.809 


0 


8 0 


6 


0 . 3 


0 


.790 


0 


7 8 


8 


0 . 5 


0 


.769 


0 


7 6 


7 


1 . 0 


0 


.740 


0 


7 4 


4 



[oo35] m a»MH6*»a«fc. im*m&m&<r> ■ 

HfflfiAX' fctfgffiAXfclilKiaHl/CfcO. *n 
[0036] J^Sn<*Mc$6»f0Jfl^xr A<z> 

[0037] JJ^BtMaKBii. 

U «iWH*WW-SSMcJIW^#'01»v\ X. * 



m*m&wmxmmm±. ±au;Mmo.9Yo.i 

N i4.9Mno.i-^&t^LaN i4.55A lo.48-^KH 
[01 ] *»Wfc«4»f!ffl^-rAfcl3»t*iaMrx 

[02] mwrtm^mzgub-tyu-i-v-vx' 
[03] ^^Ati h^.mmm.<r>m^mjbtv - 

C-TW&coryyZ-bZ. 
[04 ] Mt»«I^ t 

[tt^M] 

(1) mieo^S 

(2) 3i2<0ggS 

(4) 7X70-^-^ 



9 

(6) SOfflbL-.yb 



(6) 



#^¥8-94610 

1 0 



[HI] 



[H3] 





0.5 1.0 li 



[04] 




(7) 



88H I 8-94 6 10 



[02] 



^ START ^ 



SI 



S2 



S3 



MHi -» MHa i£$f$S>%Mk~T 



S5 



S6 




YES 



S8 



* N=N+1 



S10 



4^ 



Sll 



S12 



mm% was 



